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Objective.—To determine the relative exposure to environmental tobacco 
smoke for bar and restaurant employees compared with office employees and with 
nonsmokers exposed in the home (part 1) and to determine whether this exposure 
is contributing to an elevated lung cancer risk in these employees (part 2). 

Data Sources.—MEDLINE and bibliographies from identified publications. 

Study Selection.—In part 1, published studies of indoor air quality were in¬ 
cluded if they reported a mean concentration of carbon monoxide, nicotine, or par¬ 
ticulate matter from measurements taken in one or more bars, restaurants, offices, 
or residences with iat least one smoker. In part 2, published epidemiologic studies 
that'reported a risk estimate for lung cancer incidence or mortality in food-service 
workers were included rfi they controlled, directly or indirectly, for active smoking. 

Data Extraction.—In part 1, a weighted average of the mean concentration of 
carbon monoxide, nicotine, and respirable suspended particulates reported in 
studies was calculated for bars, restaurants, offices, and residences. In part 2, the 
relative lung cancer risk for food-service workers compared with that for the gen¬ 
eral population was examined in the six identified studies. 

Data Synthesis.—Levels of environmental tobacco smoke in restaurants were 
approximately 1.6 to 2.0 times higher than in office workplaces of other businesses 
and 1.5 times higher than in residences with at least one smoker. Levels in bars 
were 3.9 to 6.1 times higher than in offices and 4.4 to 4.5 times higher than.in 
residences. The epidemiologic evidence suggested that there may be a 50% 
increase in lung cancer risk among food-sen/ice workers that is in part attributable 
to tobacco smoke exposure in the workplace. 

Conclusions,—Environmental tobacco smoke is a significant occupational 
health hazard for food-service workers. To protect these workers, smoking in bars 
and restaurants should:be prohibited. 

. {JAMA. 1993 ^ 70 . 490433 ) 


THE ADVERSE health effects of en¬ 
vironmental! tobacco smoke (ETS) ex¬ 
posure are now weU 1 recognized. 1 * 4 The 
Environmental Protection Agency clas¬ 
sified ETS as a group A carcinogen and 
estimated that it causes about 3000 lung 
cancer deaths per year in nonsmokers. 3 
The workplace is a major source of ETS 
exposure, and the National Institute for 
Occupational'Safety and Health has rec¬ 
ommended that involuntary exposure 
to tobacco smoke be eliminated by pro- 
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hibiting smoking in the workplace. 5 Many 
state and local governments have re¬ 
sponded to this recommendation by pro* 
hibiting smoking in public and/or pri¬ 
vate workplaces.® 

Many loc^ii governments have regu¬ 
lated smoking in restaurants. 7 These ef¬ 
forts have generally focused on protect¬ 
ing the public from ETS (Hatfield Lu 
Face-off: smoking in restaurants? San 
Francisco Examiner . February 27,1992: 
Al). However, restaurants are also 
workplaces, and because restaurant em¬ 
ployees spend a much longer time in the 
restaurant than do patrons, ETS expo¬ 
sure is more likely to result in adverse 
health effects for them. 

This review assesses the potential 
health hazard of ETS exposure for bar 


and restaurant employees. There are 
two questions considered. First, what is 
the relative exposure to ETS for bar 
and restaurant employees compared 
with employees of other businesses and 
with individuals who live in a home with 
a smoker? Second, does ETS exposure 
in bars and restaurants produce an el¬ 
evated lung cancer risk among these 
workers? To answer the first question, 
published indoor air quality data for bars, 
restaurants, offices, and residences were 
reviewed. To answer the second ques¬ 
tion, the epidemiologic studies of lung 
cancer risk in food-service workers were 
reviewed. 

METHODS 
Literature Review 

A literature search was carried out 
using the National Library of Medicine 
ME DLINE database to locate published 
studies that reported measurements of 
tobacco constituents in indoor air and 
studies of occupational lung cancer risk 
in food-service workers. Bibliographies 
from each publication were reviewed to 
identify additional relevant citations. 

In part I, studies were included! if 
they met the following criteria: (1) re¬ 
ported the mean concentration of car¬ 
bon monoxide, nicotine, or respirable 
suspended particulates from measure¬ 
ments taken in one or more restaurants, 
bars, offices, or residences with at least 
one smoker; (2) did not include mea¬ 
surements taken in designated smoking 
areas; and (3) did not include measure¬ 
ments taken under smoke-free condi¬ 
tions. Thus, these studies include mea¬ 
surements in restaurants and offices that 
allowed smoking anywhere, or in the 
nonsmoking areas of res taurants and of¬ 
fices that restricted smoking to a des¬ 
ignated area. Measurements in residenc¬ 
es were taken in the presence of at least 
one smoker. In addition to individual 
studies obtained through the computer 
search, three published reviews were 
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TeJble 1 Indoor Air Concentrations of Carton Monoxide, Nicotine, end ResptrabM Suspended Particulates 
in Restaurants, Bans, Offices, and Residences' 


COACtttUOTt 

No. of 
6tudte* 

No. of Sties 
Bempked 

Weighted 

Meenf 

Range 

Ratio* 

Caroon monoxide, ppm 
Office* 

12 

1181 * 

3.0 

1.0*3.3 

1.0 

Restaurants 

12 

229 

5.1 

0-5-9.9 

1.7 

Ban 

10 

32 

11.6 

3.1,17 

3.9 

Office® 

22 

940 

4.1 

• 0.6-22.1 

1.0 

Batodenoe* 

7 

91 

4J 

1.6-21 

1 JO 

Restaurants 

17 

402 

6.5 

3.4-34 

1.6 

Ben 

10 

25 

19.7 

7,4-65 J 

4.8 

PinxxMte*, 

Otfioe* 

19 

912 

57 

6-256 

1.0 

Reetoenoee 

13 

624 

78 

32-700 

1.4 

Restaurants 

12 

211 

117 

27-690 

ZO 

Ban 

10 

16 

346 

75-1320 

6.1 


•Data from Starling at aJ t * Papace.’* Gutrin at aJJ" and Turner et al.” No studies met me nciuaion ontana tor 
measurement o< ca/tton monoxide in residences. 

tWeighted average of indmduaJ study mean concentretioo s tor al measurements taken. Weights used were the 
number, of restaurants, ban, offices, or homes sampted. 

£Rat>o ot weighted mean restaurant, bar. or residence to weighted mean otfioe oonoentretjon. 


helpful iin ensuring that most of the reU 
evant literature was included in the anal¬ 
ysis. First* Sterling et al* reviewed the 
published literature on air sampling of 
tobacco constituents as of 1982. Second, 
Repace* reviewed the results of about 
60 studies of indoor ETS concentrations 
that were published before 1987. Third; 
the most recent and extensive review of 
the literature, published by Guerin et 
al 10 in 1992, reports the results of nearly 
100 air-sampling studies. Finally, data 
from the largest single study of indoor 
ETS levels, in which Turner et al u test¬ 
ed 585 office environments, were includ¬ 
ed in this review and analysis. It should 
be noted that data from individuals or 
groups allied with and funded by the 
tobacco industry 11 were included in the 
analysis. 

In part 2, studies were included if 
they met the following criteria: (1) re¬ 
ported a risk estimate of lung cancer 
incidence or mortality in food-service 
workers compared with other workers 
or with the general population; and (2) 
controlled, directly or indirectly, for the 
confounding effects of active smoking. 

Data Analysis 

In part 1, a weighted average of the 
mean carbon monoxide, nicotine, and re¬ 
spirable suspended particulates concen¬ 
trations reported in each of the studies 
was calculated for bars, restaurants, of¬ 
fices, and residences. The weight given 
to each study was the number of sepa¬ 
rate restaurants, offices, or homes sam¬ 
pled. This weighting procedure result¬ 
ed in heavier weighting of studies that 
reported the means of a large number of 
separate office or restaurant measure¬ 
ments. These studies are more likely to 
reflect typical workplace concentrations 
than those measuring concentrations in 


a single workplace. 

In part 2, no attempt was made to 
statistically pool the individual lung can¬ 
cer risk estimates, owing to the small 
number of studies and the variability in 
study designs. 

RESULTS 

Part 1: ETS Levels In Restaurant Air 

The mean restaurant ETS constitu¬ 
ent concentrations are between 1.6 and 
2.0 times higher than those in the office 
workplaces studied, and 1.5 times high¬ 
er than levels in homes with at least one 
smoker present (Table 1). Mean concen¬ 
trations of ETS constituents in bars are 
3.9 to 6.1 times higher than in the office 
workplaces, and 4.4 to 4.5 times higher 
than in the residences. 

One must be cautious in comparing 
ETS exposure in the home and work¬ 
place based only on ETS concentrations 
in ambient air because the duration of 
exposure is different in each environ¬ 
ment. Repace* has shown that total ex¬ 
posure is proportional to both concen¬ 
tration and duration of exposure. Based 
on time-budget studies that have esti¬ 
mated the average amount of time spent 
by working persons in various environ¬ 
ments, the average US adult spends 
about 14 hours in the home and 6 hours 
in the workplace per day. u Allowing for 
8 hours of Bleep per day, and assuming 
that persons exposed to ETS at home 
are exposed during all waking hours, 
the duration of exposure is similar in the 
two environments (6 hours). Thus, total 
exposure to ETS is likely to be at least 
1.5 times higher for restaurant workers 
than for persons who live with a smok¬ 
er, and at least 4.4 times higher for bar 
workers than for individuals with only 
domestic ETS exposure. 


Part 2: Health Effects of Restaurant 
ETS Exposure 

Eleven studies have examined lung 
cancer risk in food-service workers with¬ 
out controlling for active Bmoking. 1 *® 
These studies were excluded from the 
analysis. Six studies have examined lting 
cancer risk in food-service workers, con¬ 
trolling for active smoking and other 
potential confounding variables.* 4 * One 
of these was a historical cohort study 
that examined occupational'lung cancer 
mortality. Five were case-control stu d- 
ies that included incident lung cancer 
cases (Table 2). 

Investigators in the California Occu¬ 
pational Mortality studies* 4 * reviewed: 
California’s mortality data from 1979 
through 1981 by occupation.* 4 * Crude 
standardized mortality ratios (SMRs) 
were calculated for food-service work¬ 
ers. Singleton and Beaumont 2 * and Beau¬ 
mont et al* 7 then attempted to control 
for smoking, alcohol, and socioeconomic 
status indirectly by adjusting for na¬ 
tional occupational smoking and alcohol 
use rates (imputed from National Health 
Interview Survey data and average oc¬ 
cupational socioeconomic status). For 
white male food-service workers, the 
unadjusted lung cancer SMR was 105% 
and the adjusted SMR was 125% (95% 
confidence intervali[CI], 90% to 169%). 
For male bartenders, the adjusted SMR 
was 152% (95% Cl, 118% to 192%): For 
white waitresses, the crude SMR was 
368% and the adjusted SMR was 148% 
(95% Cl, 125% to 174%). 

Williams et al a conducted* case-con¬ 
trol study using cancer mortality data 
from the Third National Cancer Sur¬ 
vey. Occupational history and a range of 
potential confounders were determined 
by interview. Odds ratios (ORs) for 
working in various occupations were de¬ 
termined for a variety of cancer types, 
adjusted for smoking, alcohol; income, 
and education. For female food-service 
workers, the adjusted lung cancer OR 
was 1.88. For male food-service work¬ 
ers, no riak estimate was reported ow¬ 
ing to the small number of cases (two). 

Lerchen et aP studied the relation¬ 
ship between occupation and lung cancer 
among males in a case-control study us¬ 
ing the New Mexico Tumor Registry. 
Cases and population-based controls were 
interviewed to obtain occupational and 
smoking histories. For males employed 
in the “eating and drinking establishment 
industry” category, an adjusted OR of 
1.6 (95% Cl, 0.8 to 2.9) was reported. 

Schoenberg et al 30 examined the rela¬ 
tionship between occupation and lung 
cancer in New Jersey males in a case- 
control study. Cases obtained from a state 
health department reporting system and 
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Table 2:—Studies ot 'Lung Cancer Risk in .Food-Service Workers. Controlled tor Active Smoking* 


Source 

Subjects 

Study 

Deeign 

Risk Estimate 
(96% Confidence 
Interval) 

No. of 

Caeee or 
Death* 

Additional 
Con founders 
Controlled 



Melee 




Sing Won and 
Beaumont* 

California (beams) 

Bartenders 

Other food-service workers 

Historical 

cohort 

SMR-1.52 (1.1M.92)i 
SMR-1.25 (0.901.69) 

69 

42 

Age, sex. 
race, SES, 
alcohol 

larthen 

•tip 

New Mexico 
(inodent cases) 

Ealing and dnnibng 
industry workers 

Case-control 

OR-1.6 (0.8-2.9) 

26 

Age. sex. 
race, diet 

Schoenberg 
et aP 

New Jersey (Incident cases) 
Bartender* 

Other food-service workers 

Case-control 

j 

0R-.,.(12*1.3)T 

29 

37 

Age, sex 
race, SES, 

diet 

Zotvn et a/ 31 

Missouri food-service worker* 
(incident cases) 

Case-oontroJ 

OR*1i8(1iO-3.5) 

24 

Age, sex, 

race 



Feme lee 




Singleton and 
Beaumont* 

California waitresses 
(deans): 

Historical 

cohort 

SMR-1.48 (125-1*74) 

149 

Age, sex, 
race. SES, 
alcohol 

WilBams 

et aP 

US food-service workers 
(inodent cases) 

Case-control 

OR-1.88 

12 

Age. sex, 
race, SES, 
alcohol 

Keller and 
Howe* 

tttinott females employed 
in eatmg and dnnking 
places* nonsmokers 
(inoddnt cases) 

Case-control 

OR-1.92 (1.21.3.07) 

Not given 

Age, sax, 
race 


"SMR indicates standardized mortality raBo; SES, socioeconomic Status; and OR, oddS ratio. 
tSpeciflc OR not grven in source ated 


population-based controls were inter¬ 
viewed to obtain occupational, smoking, 
and dietary histories. The adjusted OR 
for male bartenders was between 1.2 and 
1.3, and for other food-service workers 
was between 1.1 and 1.2. 

Zahra et al 31 conducted a case-control 
study to determine (after adjusting for 
smoking) the relationship between lung 
cancer and occupation. Data from the Mis¬ 
souri Cancer Registry, which includes 
occupational and smoking histories, were 
reviewed for white male lung cancer cas¬ 
es diagnosed between 1980 and 1985. The 
adjusted OR for food-service workers was 
1.8 (95% Cl; 1.0 to 3.5). 

Keller and Howe 32 performed a case- 
control'study using all incident lung can¬ 
cers among nonsmokers entered in the 
Illinois Cancer Registry from 1985 to 
1987. The controls were nonsmoking co¬ 
lon cancer cases. Unlike the other five 
studies, Keller and' Howe's study con¬ 
trolled for active smoking by specifica¬ 
tion rather than adjustment Only non- 
smokers were included in the analysis. 
The OR for lung cancer in females em¬ 
ployed in eating and drinking places was 
1.92 (95% Cl, L21 to 3.07). No risk es¬ 
timate was given for males. 

Taken together, these studies suggest 
that there is an excess lung cancer risk 
of approximately 50% (range 10% to 
90%) among food-service workers com¬ 
pared with the general population, con¬ 
trolling for active smoking. In the two 
studies that examined bartenders and 
other food-service workers separately, 
this excess lung cancer risk was found 
for both groups of workers. 2 *- 30 Thus, it 
appears that there is an elevated lung 


cancer risk in both bar and restaurant 
workers that persists after controlling 
for active smoking. 

COMMENT 

The availability of ambient air survey 
data on ETS levels in more than 1000 
offices, more than 400 restaurants, and 
more than 600 homes provides an op¬ 
portunity to estimate the relative ETS 
exposure of bar and restaurant workers 
compared with that of office workers 
and with that of individuals who live 
with a smoker. In this analysis, ETS 
exposure for restaurant workers was 
estimated to be 1.6 to 2.0 times higher 
than for office workers, and at least 1.5 
times higher than for persons who live 
with a smoker. For bar workers, ETS 
exposure was estimated to be 3.9 to 6-1 
times higher than for office workers/ 
and at least 4.4 to 4.5 times higher than 
for persons exposed in the home. An 
attempt was made to determine wheth¬ 
er this increased estimated workplace 
ETS exposure in bars and restaurants 
produces an increase in lung cancer risk 
for these workers. In six epidemiologic 
studies that controlled for active smok¬ 
ing, an excess lung cancer risk of ap¬ 
proximately 50% (range, 10% to 90%) 
was found for food-service workers com- • 
pared with the general population. This 
excess risk could well be due to the in¬ 
creased ETS exposure of food-service 
workers. However, there are several al¬ 
ternative explanations that must be con¬ 
sidered. 

First, residual confounding by smok¬ 
ing might explain the elevation in lung 
cancer risk for food-service workers. 


There are several reasons to believe that 
this is not the case. Three case-control 
studies that controlled for smoking 2 *' 311 
involved detailed smoking histories. 
Smoking status was measured as a cat¬ 
egorical 31 or continuous variable, 29,30 in¬ 
corporating duration and intensity of 
smoking. Moreover, the adjustment for 
smoking produced little change in the 
OR for males. Lerchen et al 29 reported 
a change in OR from 1.7 to 1.6 when 
smoking was added to the regression 
model. Schoenberg et al 30 reported a 
change in OR of no more than 0.1 for 
food-service workers when smoking was 
considered. The finding of an elevated 
lung cancer risk among female food-ser¬ 
vice workers in a study restricted to 
nonsmokers 32 adds further evidence that 
residual confounding by smoking is un¬ 
likely to explain the elevated lung can¬ 
cer risk among food-service workers. 

Second* confounding by a variable 
known to be associated with both lung 
cancer and food-service employment 
might explain the observed association* 
The most important considerations are 
age, sex, race, socioeconomic status, and 
diet (saturated fat and ^-carotene [vi¬ 
tamin A] intake 33 )] However, age, sex, 
and race were controlled in all six stud¬ 
ies (Table 2). Socioeconomic status was 
controlled in three studies, and diet in 
two. Vitamin A intake, but not satu¬ 
rated fat intake, was specifically mea¬ 
sured in these studies. 330 

Third, publication bias might explain 
why the six published studies reported 
an increased lung cancer risk in food- 
service workers. However, since these 
studies examine the relationship be¬ 
tween lung cancer and a wide variety of 
occupations, they will almost certainly 
find a positive association with one or 
more occupations. Therefore, it is not 
plausible that studies finding no asso¬ 
ciation between lung cancer and food- 
service employment have been differ¬ 
entially rejected or not submitted for 
publication. 

Finally, the observed increase in lung 
cancer risk among food-service workers 
might be due to a carcinogenic exposure 
other than ETS. The most important con¬ 
sideration is exposure to cooking fumes. 
Air samples of cooking fumes have been 
shown to be mutagenic in the Ames as¬ 
say , M and cooks have been shown to have 
elevated risks of respiratory tract can¬ 
cers. 143730 3WS However, there are sever¬ 
al reasons t6 believe that exposure to 
cooking fumes is not contributing sub¬ 
stantially to the increased Hing cancer 
risk among food-service workers. First, 
a study of the mutagenicity of restaurant 
air 31 suggests that ETS is the major con¬ 
tributor to the mutagenicity of air from 
dining areas. In this study, the mutage- 


ro 

o 

f0 

co 

cn 

h* 

co 

CD 

<£> 


nicityt 

ly corr 

had no 

from 1 

tionin 

to pre’ 

into di 

rates <: 

taurar 

quirer 

of Gov 

The u 

to cot 

was c 

zones 

Third 

that c 

spent 

vice 

spent 

time 

over 

ies tl 

mg t. 

cook 

for t 

mon- 

SMI 

malt 

adju 

poss 

risk 

by a 

cool 

mal* 

A 
trib 
tarn 
me? 
a rt 
and 
res' 
tim 
exc 
tau 
pos 
wo 
tat 
lev 
noi 
me 
ed 

su~ 

ph 

Tl 

efi 

We 

as 

ar 

he 

b; 

CL 

S€ 

Si 

W 

U 

P 


492 JAMA. July 28, 1993—Vol 270. No. 4 


Involuntary Smoking in (fie Workplace—Siegel 


j; 


ram 



Source: https://www.industrydocuments.ucsf.eMi/docs/fjvj0000 






i 


that 

itrol 


cat- 
0 in- 
/ of 
for 
the 
ted 
hen 
sion 
d a 
for 
va$ 
ited 
jer- 
1 :o 
Jiat 


s. 

i)le 

mg 

ent 

on. 

are 

md 

\i- 

ex, 

ad- 

7ZS 

-in 

tu- 


am 

<ed 

xl- 

;se 

>e- 

of 

dy 

or 

lOt 

iO- 

<3- 

»r- 

or 

■TS 

re 

n- 


.s- 

ve 


n- 


U) 

b- 

ir 

It 

n+ 


nidty of air from dining areas was close¬ 
ly correlated with smoker density, but 
had no relation to the mutagenicity of air 
from kitchen samples. Second, ventila¬ 
tion in restaurants is generally designed 
to prevent cooking fumes from escaping 
into dining areas, 34 Average ventilation 
rates over cooking surfaces in four res¬ 
taurants studied met the minimum re¬ 
quirements of the American Conference 
of Governmental Industrial Hygienists.® 
The most important source of exposure 
to cooking fumes in these restaurants 
was contamination in “cook's breathing 
zones during active work processes.” 34 
Third! a time-budget study of cooks found 
that only 33% to 60% of a cook's shift is 
spent over cooking surfaces. 34 Food-ser¬ 
vice personnel would be expected to 
spend a much lower percentage of their 
time in contact with air contaminants 
over cooking surfaces. Finally, the stud¬ 
ies that have controlled for active smok¬ 
ing and examined lung cancer risk in 
cooks have not reported an elevated risk 
for these workers, Singleton and Beau¬ 
mont 28 found an adjusted lung cancer 
SMR of 91% for males and 102% for fe¬ 
males. Schoenberg et al 30 reported an 
adjusted OR of 0.9 for cooks. If is quite 
possible that the increased lung cancer 
risk among cooks is due to confounding 
by active smoking. Smoking rates in male 
cooks are 30% higher than in the general 
male population. 40 

An elevation in lung cancer risk at¬ 
tributable to ETS exposure in the res¬ 
taurant workplace is plausible. Since do¬ 
mestic ETS exposure is associated with 
a relative risk for lung cancer of 1.3! 455 
and this review estimated that typical 
restaurant ETS exposure is at least I £ 
times higher than domestic exposure, an 
excess lung cancer risk over 30% in res¬ 
taurant workers, compared with unex¬ 
posed nonsmokers in domestic settings, 
would be expected. High levels of res¬ 
taurant air mutagenicity 34 and increased 
levels of urine mutagenicity 41 and 3-ami- 
nobiphenyl, 42 a suspected carcinogenic hei 
raoglobin adduct! have been demonstrat¬ 
ed in ETS-exposed restaurant workers. 

The effects of domestic ETS expo¬ 
sure 14 and ETS exposure in tihe work¬ 
place in general 5 have been recognized. 
This review of exposure to and health 
effects of ETS in bar and restaurant 
workplaces specifically addresses ETS 
as an important occupational health haz¬ 
ard for food-service workers. Public 
health efforts to regulate smoking in 
bars and restaurants can no longer fo¬ 
cus only on protecting the patron. Food¬ 
service workers must be afforded the 
same public health protection as other 
workers. To protect these workers from 
the hazards of ETS, smoking should be 
prohibited in bars and restaurants. 


I wish to thank Thomas Novotny, MD* and James 
Seward, MD, for their helpful suggestions in the 
review of the manuscript. 
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